Abstract-Shading is a practical measure to reduce the heat stress to grape trees in the summer. However, inappropriate shading will cause the reduction in leaf photosynthesis and consequently the retardation of growth for the plants or the loss of fruit yield and quality for the mature grape trees. In this study we have used 1-year-old 'YinHong' grape plants growing under different levels of shading, ranging from full sunlight 0% to 80% reduction, to investigate their growth, physiological and biochemical responses. The results show that shading rate ≤45% did not significantly affect grape growth. Shading over 45% reduction of the full sunlight, the growth of the grape plants were started to be inhibited. In addition, soluble protein content, the activities of catalase (CAT), peroxidase (POD) and superoxide dismutase (SOD), chlorophyll content, net photosynthetic rate (Pn), stomatal conductance (Gs), intercellular CO 2 concentration (Ci), transpiration rate (Tr), PSII photochemical efficiency (Fv/Fm), PSII potential activity 1 (Fv/Fo) and photochemical quenching (qP) were decreased, whereas free proline, malondialdehyde (MDA) content, the non-photochemical quenching coefficient (qN) and the ratio of the palisade/spongy tissue were gradually increased. In particular, significant changes in plant growth, photosynthetic and the other physiological and biochemical characteristics were observed under a strong shading. Index terms: grape, growth characteristics, shading.
Introduction
The grape (Vitis vinifera) is perennial deciduous vine in the grape genus (Vitis L.) of Vitaceae, which is one of the oldest cultivated and most widely distributed trees. The Euramerican hybrid genus 'YingHong' was bred from a mutant plant and has become one of the main varieties of grape cultivation in Zhejiang Province. However, due to the limitations of the climate conditions and the conditions of cultivation facilities, especially in summer heat waves in combination with the strong sunlight could seriously affect the grape plants in terms of yield and quality (Sun et al. 2015; Fan et al. 2008; Chai et al.2012; Wang et al.2014 ) . Therefore, shading is an essential practical measure to prevent the grape plants from such damages. However, long term and sever shading will result into light deficiency in plants and inhibit its growth and development (Ai et al.2004; An et al. 2012; Pietro et al. 2013; Hyo et al. 2014 ; Bertamini M, Nedunchezhian N, 2003; Bellasio C, Griffiths H 2014 ; Bertamini et al., 2006 ; Cuiet al.2015 ; He et al., 2011; Gao et al., 2005; Yi et al., 1999; Zhang 2005; Zhong 2003 ) , which could be also revealed in the changes of many physiological and biochemical characteristics as well as the changes in leaf morphological features (He et al., 2011; Gao et al., 2005; Yi et al., 1999; Zhang 2005; Zhong 2003 ; Bertamini M, Nedunchezhian N 2003 ; Ivanova et al. 2008) . Obviously, an optimal shading level is required to be determined for a specific plant. This is also the case for the grape plants.
In this work, we, therefore, setup five levels of shading (0%, 25%, 45%, 60% and 80% reduction of the full sunlight) on one-year-old 'YingHong' grape plants to investigate the effects of shading on growth, photosynthesis and other physiological and biochemical processes. The data we obtained could guide the practice of shading in 'YingHong' grape cultivation in Zhejiang, China.
Materials and methods

Plant materials and treatments
One-year-old 'YinHong' grape plants were grown in a greenhouse for the grape cultivation experiments at Zhejiang Wanli University, Ningbo, China. These experiments were performed from May to August 2014.
On 5 May 2014, we planted 100 robust and uniformly growing 1-year-old 'YinHong' grape plants in earthen test pots (29.5 × 27.2 × 17.0 cm) filled with artificial compost (peat:rice chaff = 3:1 volume ratio). 5.6. Before colonization, 1.5 kg·m -1 slow-release fertilizer (N:P:K = 17:17:7) was applied to the compost at once. After colonization, 3 buds were left as stubs and 3 main buds were maintained. When the main shoot length reached 60 cm, we left 2 vice tip in the top and 2 leaves in every vice tip.
Beginning on 15 May 2014, the plants were placed in a multi-span greenhouse with a shade net as a covering material. The test set included five treatments and each treatment was performed with 20 plants. These treatments included a control (CK), group I (one layer film shading with a shading rate of about 25%), group II (two-layer film shading with a shading rate of about 45%), group III (three-layer film shading with a shading rate of about 65%) and group IV (four-layer film shading with a shading rate of about 80%). If it rained, the top was covered with plastic film and the matrix relative humidity of all treatments was maintained at about 65%. During the test, no additional fertilization was given.
Leaf samples were taken before shading and after shading treatments of 15 d, 30 d and 45 d. For each treatment, 3 plants were randomly selected and 2 leaves per plant were collected to measure chlorophyll content, leaf gas exchange parameters and chlorophyll fluorescence parameters. Leaves were also collected to measure soluble protein content, MDA content, free proline content and the activity of CAT, POD and SOD.
After 45 d of shading treatment, 6 plants from each treatment were randomly selected to measure the index of root and leaf growth. Additionally, 3 trees were randomly selected from each treatment group and 3 leaves per plant were collected to measure the tissue microstructure of the leaves and the chloroplast ultrastructure of the palisade tissue.
Analysis of chlorophyll content, leaf gas exchange parameters and chlorophyll fluorescence parameters
The chlorophyll content was determined by a SPAD-502 + PLUS chlorophyll metre (KONICA MINOLTA, Japan). The leaf Pn, Tr, Gs and Ci was determined by a GFS-3000 portable photosynthesis analyzer (WALZ, Germany) during the hours of 10 AM to 2 PM. The chlorophyll fluorescence parameters Fv/Fm, Fv/Fo, ETR, qP and qN were determined by a JUNIOR-PAM chlorophyll fluorometer (WALZ, Germany) under shading treatment for 30 min.
Analysis of the index of root and leaf growth, the tissue microstructure of leaves and the ultrastructure of the chloroplasts
The root length, diameter, surface area, volume and leaf area were counted using the LA-S versatile plant image analysis system in triplicate and we recorded the average of each set of measurements.
Paraffin sections were made from both sides of the central main vein of the grape leaves (4 mm × 6 mm). They were fixed by FAA [5 mL formalin (38% formaldehyde solution), 5 mL glacial acetic acid and 90 mL 50% ethanol], , dehydrated by ethanol and a xylene series and embedded in paraffin wax in order to make the thickness of each transverse section 10 μm. Last used the saffron-solid green to dye. We measured the thickness of the epidermis, palisade tissue and spongy tissue at micrometre resolution under an OLYMPUS optical microscope and took photographs (Qin et al., 2012) . From each treatment group, we selected 15 fields of view and took the average.
Material was taken from both sides of the central main vein of the grape leaves (2 mm × 4 mm). It was first fixed by 2.5% glutaraldehyde and syringed by 0.1 mol.L -1 phosphate buffer (pH 7.2). After that, the samples were fixed by 1% osmium tetraoxide, dehydrated by an ethanol gradient, acetone-processed for 20 min and embedded in Epon-812 epoxy. Uranyl acetate and lead citrate were used to dye 70-90 nm sections taken with an EM UC7 LEICA ultra-thin slicing machine (LEICA, Germany) after aggregated 24 h at 70℃. We photographed a typical field of view using a HITACHI-7650 transmission electron microscope (Meng et al., 2011) . From each treatment group, we selected 15 fields to observe the ultrastructure of the chloroplasts.
Analysis of protective enzymes and osmotic adjustment substances
The soluble protein content was determined by Coomassie brilliant blue G-250 staining (Wang 2006a) . The content of free proline was determined by the ninhydrin colorimetric method (Li 2009 ). The MDA content was determined by the thiobarbituric acid method (Zhang et al., 2004) . The CAT, POD and SOD activities were measured by the UV absorption method (Wang 2006b ), the guaiacol colorimetric method (Chang et al., 2007a) and the nitro-blue tetrazolium method (Chang et al., 2007b) , respectively.
Statistical analysis
Original data grouping, drawing and significant difference analysis adopted excel software and SPSS 19.0 respectively.
Results
Effects of shading on the growth characteristics of the 'YinHong' grape
We examined the growth characteristics of the 'YinHong' grape plant under shading ( Table 1 ). The data show that there was no significant change in the growth rates of the roots and leaves and all the indexes under 25% shading (Group I) comparing to no shading (CK).
This was also the case for 45% shading (Group II) except the leaf area of this group plants increased significantly. With increasing degree of shading, the light deficiency of the 'Yinhong' grape plants was becoming evident. The leaf blades became thin, a small number of leaves began to fall off and there were more macules on leaves. Under 65% shading (Group III) the leaf area had a little decrease but was comparable to the CK, however, all of the other indicators were significantly lower than those of the control group (P < 0.05). Interestingly, the leaves of 85% shading in group IV were significantly smaller than the no shading plants and became almost transparent and many had been shed, growth was severely inhibited and all indexes were significantly lower than those of the control group. Therefore, in summary less than 45% shading didn't affect the growth of 'YinHong' grape plants.
Effects of shading on leaf morphology and the ultrastructure of the chloroplasts in 'YinHong' grape leaves
We measured the cross-sectional thickness of leaf epidermis, palisade tissues and spongy tissues and used the thickness ratio of palisade over spongy tissues as an indicator of leaf morphology ( Table 2 ). The palisade tissue was orderly arranged for a long column and the spongy tissue was arranged compactly which contained a large number of chloroplasts (Fig. 1A) . Again the weak shading in group I and II didn't alter these ratios significantly indicating no effect on the leaf morphology ( Fig. 1B and C) . However, the severer shading in Group III and IV the palisade tissue cells began to accumulate large amounts of sediment, the shape became irregular and the palisade tissue and spongy tissue had reduced numbers of cells. The cell gap became larger and the irregular distribution of chloroplasts in cells became fewer ( Fig.  1D and E) , revealing a typical leaf morphology under light deficiency.
Meanwhile, we have also looked into the chloroplast ultrastructures affected by shading (Fig. 1F-J) . Fig.1F shows that the cell vacuole membrane in palisade tissue was integrated, the chloroplasts were crowded at the edge of the cell by the vacuole and became flattened. The chloroplast stroma lamellae and the grana lamellae were similar to a parallel arrangement with the major axis of the chloroplast. Meanwhile, there were many grana lamellae, thylakoids were arranged close together in an orderly manner, the stroma were dense and contained starch grains and the osmium particles were relatively small and few (Fig. 1F) . In corresponding to the leaf morphology, the chloroplast ultrastructure was not significantly altered under a weak shading in Group I (Fig. 1G) . This was also the case for Group II under 45% shading (Fig. 1H) , but the chloroplasts swelled and contained starch grains and the osmium particles became large and increased in number (Fig. 1H) . With increasing shading severity, the chloroplasts became obviously enlarged, the structure of lamellae loosen, the stroma thinned and contained starch grains and the osmium particles became large and increased in number (Fig. 1I and J) .
Effects of shading on the characteristics of photosynthesis in 'YinHong' grape leaves
Firstly we examined the changes of chlorophyll content under shadings. In the weak shadings (Groups I and II), the relative chlorophyll content was similar to that of the control group, in that it first increased and was then maintained at a stable state (Fig. 2B) . Compared with the control, the relative chlorophyll content increased by 8.7% and 9.7% for groups I and II, respectively (P > 0.05). However, under the severer shading (Group III and IV) the relative chlorophyll content decreased with increasing treatment time and at the end of the test, it decreased by 28.5% and 40.6% for groups III and IV, respectively, which were significantly lower than that of the control group (P < 0.05).
Then we measured the gas exchange parameters of grape leaves with different shading treatment. For groups I and II, the gas exchange parameters were similar to those of the control group (Fig. 2) . Pn and Tr decreased by 2.8% and 2.1% for group I and 9.8% and 8.3% for group II, respectively. Ci and Gs increased by 4.3% and 4.1% for group I and 7.5% and 7.8% for group II, respectively, which also were not significant (P > 0.05). With increasing shading intensity, photosynthetic characteristics also decreased significantly. For groups III and IV, Pn, Tr, Ci and Gs decreased by 43.8%, 38.6%, 31.0% and 32.7% for group III and 52.7%, 51.0%, 35.3% and 49.0% group IV, respectively, which were significantly lower than those of the control group (P < 0.05).
We also measured the chlorophyll fluorescence parameters in leaves during the time courses of shading. Fv/Fm, Fv/Fo, qP and ETR all declined to varying degrees, whereas qN increased (Fig. 3) . The Fv/Fm, Fv/Fo, qP and ETR values for groups I and II decreased by 1.3%, 1.1%, 2.3% and 1.9% and 7.3%, 11.0%, 9.9% and 6.8%, respectively. qN on the other hand increased by 4.7% and 7.7% for groups I and II, respectively, which were not significant (P > 0.05). For groups III and IV, Fv/Fm, Fv/ Fo, qP and ETR respectively decreased by 21.5%, 56.7%, 28.7% and 39.9% and 26.5%, 63.4%, 36.6% and 68.4%, which were significantly lower than those of the control group (P < 0.05). However, qN increased by 31.6% and 53.8% for groups III and IV, respectively, which was significantly higher than that of the control (P < 0.05).
Effects of shading on the biochemical features of 'YinHong' grape leaves
We next checked the biochemical changes, firstly the total protein levels under shading. Figure 4A shows that there was no significant change in the soluble protein content of all shading treatments after 15d. However after 15d, weak shading (25%) had increased the soluble protein content in leaves, while all other severer shading (45%, 65% and 85%) caused a significant decrease in the soluble protein levels (Fig. 4A) . In contrast, the free amino acid proline content was increased with the increasing levels of shading (Fig.4C) , indicating a decrease in protein de novo synthesis.
During the period of shading treatments, the MDA in leaves was increasing with the development of grape plants under no shading and a weak shading (25% GroupI), but the weak shading has still inhibited such an increase. However, the other severer 45% to 85% shadings have completely abolished such an increase in MDA (Fig.4B) .
In groups I and II, the CAT, POD and SOD activities first increased and were then maintained at a stable state (Fig.4) , which then decreased by 2.7%, 2.2% and 1.3% for CAT, POD and SOD, respectively, for group II and by 11.0%, 9.2% and 11.0%, respectively, for group III. These changes were not significant (P > 0.05). For groups III and IV, the CAT, POD and SOD activities first increased to a maximum at 15 d of stress and then decreased sharply. Compared with the control group, these activities then decreased by 26.5%, 27.0%, 26.6% and 45.2%, 37.8%, 49.4%, respectively, for groups III and IV, which were significantly lower than those of the control group (P < 0.05).
Discussion
In this study, we have investigated how shading affected the growth of the 'YinHong' grape plants in the summer in Ningbo, China. Our results show that weak shading under 45% reduction of the full light exposure didn't affect the growth of the grape plants, on contrary had some beneficiary effects on them as shown in an increased protein content in the leaves (Fig.4A ). This might be also suggested that the beneficiary effects of shading can be resulted from the reduction of high leaf temperature under the summer heat waves, though the leaf temperatures have not been measured unfortunately in this study, since high temperature would adversely affect many physiological and biochemical processes (Fu, T. et al.2014; Liu, F. F. 2010 ; LI Xiao-Ling, LUO Ling-Ling, HUA Zhi-Rui.2018). Therefore, further experiments are required to study the combined effects of light with temperature in future.
Our results also show that the severer shading (more than 45% reduction of full light exposure) had seriously inhibited the growth of grape plantss, exhibiting the leaf phenotypes of light deficiency as reported elsewhere from thinner broaden leaves under mild shading (Liu et al., 2012) to smaller leaves under extreme shading . Light deficiency caused by severer shading was also revealed in those changes in the leaf physiological characteristics (Fig.2) and biochemical features (Fig.3) as well as reflected in the ultrastructures of chloroplasts in leaves (Fig.4) . The deterioration of photosynthetic apparatus was also obvious as shown these changes in chloroflurescence, especially the decrease in qQ while the increase in qN (Fig.3) . Fv/Fo represents the activity of PSII and Fv/FM represents light energy conversion efficiency in the PSII reaction centre, which is a 'probe' index to reflect the degree of environmental stress. ETR represents photochemical electron transmission efficiency, qP reflects the portion of the PSII antenna pigments which capture light energy for photochemical electron transmission and qN reflects the part of the PSII antenna pigments which absorb light energy and dissipate in the form of heat energy (Yang et al., 2010) . In this study, the decline of Fv/Fo and Fv/Fm show that the potential activity centre of PSII was damaged, the light reaction was inhibited, the leaf light energy utilization rate was reduced and the photosynthetic electron transfer process was hindered, thereby affecting CO 2 fixation and assimilation during the dark reaction phase under weak light stress. The decline of qP and ETR show that the portion and efficiency of the PSII antenna pigments capturing light energy for photochemical electron transfer were decreased. qN increased significantly, which indicates that the portion of the PSII antenna pigments which absorb light energy and dissipate in the form of heat energy was increased and part of the photochemical electron transfer decreased. This coincided with a decreased qP (Fig.3) Interestingly, the severer shading had also caused the reduction of protective enzyme activities (Fig.4D-F) , indicating the loss of stress tolerance of plants (Wu et al., 2013; Yu et al., 2005) . Again this effect requires a further study.
In this study the shading effects have been investigated only on the young grape plants, it is not easy to extrapolate such effects on to the fruiting grape trees, which would be much complicated as the presence of fruit production (Pietro et al. 2013) or in strawberry (Hyo et al. 2014 ). Thus it is much more important to study the shading effects on the adult grape trees, especially on these processes such as the flowering, pollen fertilization, fruit setting and development, finally the fruit quality. Certainly, these data if obtained will guide practically and improve greatly the grape fruit production in this area. *Treatments included a control of no shading (CK), group I (one layer film shading with a shading rate of about 25%), group II (two-layer film shading with a shading rate of about 45%), group III (three-layer film shading with a shading rate of about 65%) and group IV (four-layer film shading with a shading rate of about 80%). Note: Different letters in a column indicate a significant difference (P < 0.05). Ci; E. Gs. Treatments included a control of no shading (CK), group I (one layer film shading with a shading rate of about 25%), group II (two-layer film shading with a shading rate of about 45%), group III (three-layer film shading with a shading rate of about 65%) and group IV (four-layer film shading with a shading rate of about 80%).
Rev. Bras. Frutic., Jaboticabal, 2018, v. 40, n. 5: (e-037) Treatments included a control of no shading (CK), group I (one layer film shading with a shading rate of about 25%), group II (two-layer film shading with a shading rate of about 45%), group III (three-layer film shading with a shading rate of about 65%) and group IV (four-layer film shading with a shading rate of about 80%). 
Conclusions
Our results show that a weak shading less than 45% of full exposure in the summer didn't significantly affect the growth of grape plants and leaf gas exchange parameters, chlorophyll fluorescence parameters, tissue cell microstructure, chloroplast ultrastructure and other physiology-biochemistry indexes. The 25% shading did even slightly improve the growth and development of grape plants, implying that the shading can prevent the damage from the heat shocking of high temperature to grape plants in the summer. The grape plant growth was obviously inhibited under severer shading, revealing those leaf features under light deficiency by all the biochemical and physiological data obtained in this work. Therefore, we may conclude that in Zhejiang area in the summer the optimal shading for grape seedlings is around 25% to 45% shading of full light exposure.
